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Problem 



Throu|>;hout the history of education, various 
teachini^ strategies or methods of presentation have 
been developed, each directed to more effective 
learning for the student. Traditionally, there 
has been the lecture, the discussion method, and 
tile directed questionin?- procedures of reflective 
teaching. Vhlth the technological revolution came 
"nev; nedia" for educational presentation. Lectures 
have been adapted tc radio and then to television. 
The basic techniques of rcr fleet! ve teaching have 
been applied in Programed textbooks and teaciiing 
machines, although the origin of these materials 
has come from innovators v;ith differing points of 
view toward learning theory. 



In examining these many approaches to teachinf^;, 
certain facts stand out. Although one technique may 
teach better than another in a given study, the 
literature invariably reveals cases v/here there 
was "no significant difference". Even more striking 
is the fact that there is usually great overlap 
of aciiieveinent from control to experimental groups. 

. Seldom can this uru xr> la j neti v/ii'i-at. jori bo at. t. ri bn t.ri; 
tu ability dif fVrerict_'L; . Mi)st wo rki,- r*:'. 

acknowledge tiie presence of some motivational factor 
as uncontrolled variation. Classroom teachers have 
I '''Mg recognizee tnt.- problem of motivation, hut the- 
u.uJ.versai. probjccfi c^f student fa.iiui-'- and drc/p-oul 
suggests that mere recognition of the problem does 
not lead to providing for motivation in the classror::i 



* i 



Jn tne pi*epar'ation of programed mateir‘ials , 
in t.acitiy 'losurned that providing Immediate know 1 ‘.o*;'-'' 
(Ki<) '*.I‘ the corr-.;': 1-iieSS of a !'e.>p: •rno.' ;n.spp i ; • ‘.v. 

This as.suinptioti is basic to Crov;de!’'n Intrinsic 
programs and to ckinner*s linear i. rograms. Because- 
laws -ler'ived fr'om rinimal exfv.. r* j rn/ nt s are the i?-. 
of reinforcement psychology, there Is some question 
about the applicability of such laws to human learnln 
beinforoernent of animals is in terms ol‘ basic pnysjc- 
iogical needs. ?or a human subject, kriov/iedge of 
the correctness of a response on a verbal, unint'.'rns i 
prorsram may not serve as a reinforcement . To provor. 
reinforcement , stuaents must be mot.Lvateu so that 
KH satisfies some need. The problem is to provide 
t his .mot 1 vat Ion , 



i'.(- i 



Darinr the suinni-- of thic iri7esti2:a‘cor 



prepared a linear pro«:ram in physicc v/hich v/as 
auap'^ed Tor j.rsdj.viduai use on television via video- 
tape. A lecture ever the sane tonic v;as also 
recorded on video-tape. In an attenpf to make the 
nrc’^rari ua«-.e fu^i ajvaritar;e oT television as a medl 
rrames related directly to physical phenomena, and 
ansv/ers v.*ere supplied by permittiru^' the student to 
observe physics denenst rations on television, t- C“- 
learninr v;as not entirelv verbal. 



y 



Ti - 



o adapt t:ic- vi-.iec tope rc-cerder Tor 
strips of re f i ve tape were p\aeed at aerronria; = 
places on the pro^'ranmed video tape. Usinr a 
eieci/T :nic circuit oe-sicTied I'or tij-at purpose, tee 
viv.eo i’trcorcie ;• would stop at too end of’ caci'. 



v.-hiie tr-e 



s vUaer.t constructed 



: ran/; , 
When 



. _ . . , riis T'csponse 

nc- depressed a Luttin, the recoi’der v/ould re-st'O’t, 
preoentin-t the correct answer and the next rramo 
in •^.ne secuence*. the lecture containeti ldentl<"a-' 
physyvs demonstrations, but the questions used In 
the linear pi-ograni were presented as woi’ked px-ooierr:.'. 



An aiialvsis 



the relatl 






e f recti veness of these 



s.ir;nlficant 



two methods of presentation showed 
difference in achievement in favor of students 
taklnr; the pro-^rammxrd approach. The siq;ni ficance o:' 
this research was in the applicat J oii .of ’^television 
to programmed learnincr on an individual basis. With 
inexpensive video-tape recorders soon to be produced 
tne provision of programmed lear>ninp’ on teleVisix.n 
individual students appears feasible. 



for 



•-•rie can cesenoe a system wiiicij nr’ovides r'andon; 
accvs;: of viaec sequences for indivicual student 
o -.-a 1 on.-j , each student receivinp^ television prouro;.': 
fr. :ine:i oppropri ate to his previous r’esponses. It, is 
essentially a matter of replacing tiie tynewritci' Inpih 
and output of a computer-based Instructional syst.-un 
ny 3 cample >: video tape system. 



Tne 



h. - 



‘‘^"-h^katlori of prozr^w.red m; 2 tc?rial. to if 
y^-'^i'-'n ±s Tiot nev/ . As early as 19nJ , Cropper and 
Lu;.isdaine (1), .in cooperation with the fCetroooli tan 
i-.duca.t.l on a ! Television Stations ViQi-d— WQKK, of 

Pennsy 1^/ania , devised teciiniques for* 



Pittsburgii 



2 . 
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y razatit: :ir r;ro‘;ramrn‘jci materials by television. They 
then (jcr;p?i.‘*eo the & ffoetiveness of televised lessons 
coritnlnJ fir proFrameci sequences v;ith conventional 
programed sequences. Their results suggested that 
programed mat c ri a] s could be presented to groups of 
student--^ by television. 

At Fenrisy Ivania Gtate nniversity , where C. h. 
Carpenter and L. P. Greenhill have conducted numerous 
studies cV educational television, a thorouFli 
examination of crorranjed learning applied to 
television was initiated in 1962. In a comprenensl ve 
report of five experiments , three of which involved 
programed learning by closed circuit television, 
Creenhiij and Carpenter (2) challenre seme of tne 
asoUiTpt ions uiKierlying presentatl ofi of prograrned 
materials . 






icie of tnis publication, 
Ccirpeiite-’ (3) outlines the problems investigatuu : 

(1) jrou: versus inoividual presentation of pro- 
gramed materials; (2) the effect of varied rates 
of presentation on learning programed materials; 

(3) A comparison of paired versus individual 
student v;ork in learning programed materials. Ti-e 
The basic goal of Carpenter and Greenhill was to shev.' 
tiiat learning at individual student paced rates was 
not an optimum learning situation and that students 
could learn as well when paced externally, thus 
Justifying the use of closed circuit (or broadcast, 
television in presenting programed materials. On 
the basis of these experiments, t.ney try to shovi 
that television, directed to groups of students, can 
perform all the functions normally attributed to 
teaching jnac3h:Ines. 



In the first study (A) Carpenter examines tho 
prcblem cf group presentation versus individual 
v/ork in pro/'rarned learning. One program was preseriton 
to groups of students by film-strip. The other 
program was taken individually in programed books 
and by teaching machine. No significant difference 
i.'i achievement for 113 subjects was observed. 
externally paceo fijrn-strip apparently was as effect!/ 
as learner paced individual programed materials. 

Wiien resea r-ch iridlcated triat exte.rnaJ. sacolfi.c; 
was not a critical factor, it became feasible to 
adapt programed materials for use o;j closed ci f'cult 
tele vision. This task was undertaken by Greenhill [■.) 



anJ an evaluation of this technique v;a3 maae. The 
crecific i:roblems were (1) to adapt pro^tr-amed aigebr 
for clcsed circuit television and (2) to evaluate 
the effectiveness of the television presentation. 






To prepare the r.-rograrned materials for 
r.e.Levision presentation, visuals v;ere prepared 
■which contained the program frames. Written materials 
on cards v;ould also be read v/nen presented to 
students. The coni rol scroup would take the same 
program individually v/ith teaching machines. A 
sample of 63 students -was selected acid pretes'ced 
f c r ability ( o C A 'V s c c. re s ) . , 

The treatment involved 36 students using individual 
teaching machines ano 2? students as a group, pre- 
sented the same program by closed circuii; television, 
it is interesting that for purposes of "motivat ion" , 
the instructors "voice" was used at appropriate 
times for .emphasis or clarification, or reinforcement" 
on the televised presentation. An analysis of 
covariance indicated no significant difference 
bet’ween the two treatments in terms cf student 
achievement in algebra. Televised externally paced 
programed algebra directed to groups of students 



v;as 



as effective as the individual use of learner 



paced teaching machines. 

To extend she application of televised programed 
instruction to other subjects 'would require some 
evidence that its effectiveness was independent of 
particular content, consequently, Spencer (7) 
compared a televised program in English grammar 
v/ith the same program taught by teaching machine. 

The results were essentially the same as for algebra, 
no significant difference. In addition Spencer comparoi 
both methods of presentation with conventional in- 
struction by closed circuit television, v/ith no 
significant difference. 



In summarizing the results of these various 
studies. Carpenter (8) suggests that 

"A principal result of the research v/as to show 
that the programed courses can be presented to stu- 
dents for study by the selected media and media 
combinations with approximately equal probabilities 
of learning gains." 



Tjeveral sug-^e3tions are maae relative to 
exten^'ilnr; the research. Tncludeci is a suggestion 
to r;tu-i;/ the use of video-taped recordings. The 
desirability of extending the research to other 
content areas v;as also stressed. 

Although Carpenter and Greenhill have evidence 
to suggest that televised programed instruction 
to rroups is as effective as teaching machines used 
on an individual basis, one research- study (9) 
rc'vea.led another factor of s;lgn.1 f Icanco . For 379 
l ud'-.-nts , ’.>*1110 <.‘f v'-’iiOm v/or*; :--iven to* I.'..- vised instruct:! or. , 
and ethers given co-nventional ciassroorr: instruction, 
.ar.ecdota.1 responses were examinee!. Trie response:; 
couia be analyzed into two distinct types. One type- 
reflected focus on self-initiation by the student. 

The other type response reflected passive partici- 
pation by the student. It was found tJiat students 
were "seif-dependent" or "other dependent" according 
to the mode of preseritation . Television presentatioia 
pe‘’oduced significantly greater "other-dep;endence" 
t.han conventional instruction, even for the same 
st udents . 



A basic assumption underlying programed learning 
Is tiiat knowledge of the correctness of a response 
serves, as a reinforcement. This general assumption 
is supported by most learning theorists, alt. hough 
t?iey may differ in their interpretation of what 
is reinforcement . In examining the various learning 
theories. Hilgard (10) notes that a majority of 
learning theorists do accept certain princip]es. 

These theorists would probably agree that (1) A 
motivated learner acquires what .he learns more 
readily than one *who is not motivated, (2) learnin.? 
motivated by success is preferable to learni.ng 
motivated by failui’e. and (3) Leai'nino' unc.er 
! n t. r I n::- i inol.l vul 1 < >!i ! s p r’<* f<‘ r*;ih I • • ii> j i n<- iiini- 

<-x t r.i ns. i '• nn;l ion. !t. ;jpp* •.’! r;-- I h il. ; • r* i-;r;iiii< • i •; 

ijave given far to great emphasis to ,no:Int ( ) aim 
iltl-le tfiought to p''-i.ni;s (]) arai TheT'C- is a 

- i*;i I a ump 1 1 ! Ill thal. r.l*:, a ! , w ! l.hoiil. • -m 

•associated need or drive, provides rur r*{-in for'-emefd . 



oeveral studies have been conducted to exa:'ii n-.- 
th*' e f fV- <; f. s. of Kh, .'.done, iri tlu; .'il.;--! n^o <)f’ mt ,i. i vi i ] • 
At the Johns Hopkins Uiii ve r:-;l ty , Chap. 'in Is (Li) 
observed triat " In for*ni.atlori per se liof-s not .servo 
an -incentive". Subjects v;ei’e convinced tiiat tiu-y 
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v/ere preparing a tape for a digital computer. 
Actually, they v/ere punching random digits into 
•a t.eletypo tape, but there was a computer in the: 
room. All subjects were paid by tlie day for their 
services, having been hired for an indefinite 
perW d. Pay v;ar: Ui no v/ay r«-]ai.ed t.o vjork out.f:ut. 

vj(-n- p'):'.:; 1 b 1 •* : (I) .-idj.p;' 

had access to no Inl’orination on his work output; 

(II) Subject could see a counter v/hich totaled iiis 
output, but it was never reset to zero. He never 
had his attention directed to it, but it was in 
clear viev/; (ITT) Subject ha(i a c:ounter v/hIch was 
bci zej’o :il. t.ii'- nl’ i-:irh dny ; ar;a in his 

attention was not directed to tiie counter, but it 
was In clear’ v:l'*v;; (IV) PiUbJO'-t. )iad the same couritt 
arrangement as (lii), but he was instructed to keep 
a record of his output, taking a counter readinr: 
e ve r.y 15 minutes. 



t 



Under the above conditions, the four experimental 
rrcups v/orked for 2H days, at which time the v/ork v;as 
terminated. The experimental arrangements were such 
that the subjects never realized that they v/ere 
involved in an experiment. They believed all tlie 
random digits v/ere needed simply because the computer’ 
was being programed for a Monte Carlo problem. 

Using the analysis of variance, there v;as no 
siginificant difference in the yarious treatments. 
.Subjects with knov/ledge of their progress accomplisiied 
no more than subjects completely unaware of how 
much v/ork they did. The P ratios were so small that 
"there was no reason to suppose further examination 
of the hypothesis v/as necessary". Success in this 
task represented amount of v/ork done. Yet knov/ledge 
of amount of v/ork did not serve as an incentive. 



Other studies provided even more direct evidence 
concerning KK. At Temple University, Hough and 
Revsin (12) examined programed learning with and 
without Kh. Minety college students served as 
subjects under tiiree separate treatments: (1) Subject 

used a teaching machine with selected responses; 

(2) Subject used a programed textbook v/ith KR; 

(3) Subject used a programed textbook, but KK fi’anies 
v/ere left blank. Otherv/ise, the context was identical 



> 
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The analysis shov/ed no significant difference 
in achievement. Knov/ledge of the correctness of 
responses did not serve as an incentive. Hough 
and Hevsin concluded, "...at their present stage of 
development, teaching machines as such offer no 
instructional advantages." Tills comment v/ould 
appear rather strong until one had examined other 
supporting evidence. 



Sucn evidence v/as available 



A similar 



experiment at the collefr/3 level by Birt and Feldnuseii 
(13) guve the sasne r/esults. In a comparison of a 
conventional pjrogram v/ith one where KR was not 
available, no significant difference in achievement 
was observed. 



At the elementary school level, Moore and 
Smith (1^) made the same observations. Spelling 
achievement did not differ significantly vjhen 
children v/ere exposed to *^Drogramed materials with 
KR or ‘Without it. The conclusion was "...providing 
G with knowledge of the correct response does not 
facilitate his learning of spelling". 



Learning Theory v/ould indicate that KR, 
kncv/ledge of correctness of responses, would not be 
a factor in reinforcement unless the subject v/as 
intrinsically motivated to need that KR. Otherv/ise, 
one might expect the student to be bored and uninter- 
ested, a characteristic v/hich describes .well the 
student v/ith little or no motivation tov/ard 
academic work. 



A number of research v/orkers have observed 
these characteristics. Gagn^ and Dick (15) report 
that day in-day out use of programed learning 
materials was monotonous and tiring for students. 
"Although the material itself may be interesting 
(to whom?), the problem of motivation requires 
study . " 

At. iMii'dijc, I'V’ 1 •.ihu:'rn (itO iv-p. )i>1 f mI 1 h;il I ! i :: I < -.-Mi 



vV p rogranit.'d ie.-ir'iiln/’; 
forcement, there v/ere 
whni. h.'i'l i.hf’ 

study, end lleyman 

the novelty wore off, 
English 2600 suffered 



:i ,1 ro v I »1 lip’; rolii- 
dlsturbing si/i;ns of bore<i(;iii 

"p;i ! 1 f j'f<'(d." . In :}noU)pi' 

(lY) rv'.’d i.li/it, wlicti 

students using programed 
from boredom. 



3 



The fact of* bo-r('dum on tdic pert, of 
f-rene ralized by Gotkin and Goldstein (IH) 
comment, "The single iriost common comment 



:d,U(leri ts 
with tiif 
student.s 
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Y. 



make atout programed in.‘3 traction, after using it 
for a period of time, is that is a boring v/ay to 



reai'n. 



There- is evidence to indicate that KR, alone, 
does not lead to greater learning. There is additional 
evidence that boredom and lack of Interest is common 
among students using programed materials. Learning 
theory indicates that these facts can be accounted 
for In terms of the lack of st”den‘u motivation. 

There is some i^esearch to support this viev/. 



Carr (19), at the '//right Air Development Center, 
observed in a number of studies that confirming the 
correctness of a learner’s responses to problems 
may be expected to be reinforcing only if the 
learner’s motivation is intrinsic to the task being 
learned. This opinion may not be acceptable without 
a satisfactory experiment to support it, but at 
least one study examined this point directly. 

Moore 'and 3mlth (20) compared two groups of 
students v/orking v;ith programed materials. One 
group v/as given rCR alone, but tiie other group was 
given KR and, in addition, each student was given 
one penny for each correct response. There v;as a 
significant difference in achievement rates between 
the tv.’o groups. An extrinsic reward, when added to 
KP, v;as more effective in reducing error rate than 
KP by itself. If an extrinsic rev/ard makes learning 
more effective that without such reward, the arousal 
of intrinsic motivation could produce unusual 
effectiveness in learriinp;. 

Previous research’ indicates the feasibility 
of presenting programed materials over television 
by video tape. Other research shov;s that knov/ledge 
of correctness of responses, alone, does not provide 
reinforcement. Thus students are often bored by 
programed materials in which no motivating factors 
iiave been provided. V/hen extrinsic motivation is 
provided, learning is made more effective; therefore, 
it is likely that intrinsic motivation could signi- 
ficantly improve the effectiveness oT programed 
learning materials. 



8 . 
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The primary objective of this research activity 
vjas to develop and evaluate tne systematic use of 
motivating materials in an instructional program. 

A secondary objective v;as to continue the technical 
development of a video-sound system for providing 
programed television to individual students, and to 
improve techniques for programing such a system. 



•Teveral questions vsere investigated: Does the 

inclusion of motivating materials in an instructional 
program presented by television result in greater 
student learning than an identical program presented 
without such nictivating materials? Under conditions 
of KF. alone, and KR with motivating materials, is 
there a significant difference in student learning? 

Are trie arisv/ers to these questions the same for 
high ability, average ability, and low ability student 



KETPiOU 



Procedure 

The procedure follov;ed can be divided into 
five phases. In the first phase, five physics 
programs were v;ritten, and motivating materials 
were developed for those programs. During the 
second phase, the programs were recorded on video 
tape, appropriate props being used 'whenever possible 
to take full advantage of the media, and to make 
tne programs less verbal. In the fourth phase, 
tiie programed video tape materials 'were presented to 
individual, selected students. In the fifth phase, 
test scores were analyzed to answer previously 
detailed research questions. 

*//ork of the first phase was completed duriiig 
the four months of October 1, 1965, to February i, 
1966. Five linear programs in physics, each coverinr, 
a single, relatively independent concept or principle, 
v;ere written. Motivational sequences were desi =»;ned 
to arouse interest in, or need for, the program 
that followed. One motivational device appealed 
interest; the other four appealed to personal 



to 



r’.'jirv ? V'i 1 . Thr*;‘- Tnur* r'^- J to riutoifujljJ ]f. 

rifiVaty, ari*.{ relate*.! to oafety 1‘rom elect rical 

r.hocri In the . P’oi* each p ro'^rani , one inotl vatl ona 1 

• lovice v;as prooeiited before the pr'or.rarn, under the 
assu.-npt icn tnat it would cause the student to v-ant 
':-r ne«.‘*i to learn the subsequent subject matter of the 
program to a greater extent than ‘without motivating 
materials . 



:he Second pnase v;as completed from rebruary 1, 



-✓ - 



rr> 



me programs ana assoc-iatea 



mot 

v/ri 

on 

and 

in 

‘wri 

in 



o, uo JUJL 3 / 15 , 1966 
ivating materials prepared in phase one v/ere in 
tten form. They had to be adapted for presentation 
television. During triis period, visuals, props, 
demons t rat ion apparatus were assembled and located 
the record! n.g studio. Scripts for audio were 
tten, and the entire set of programs v/ere integrated 
preparation for recording on video tape. 



Vlork of the third phase vias completed from July 
15, 1966, to August 17, 1966. The first step of. 
this phase ‘was to lease and assemble the video-tape 
and camera apparatus for recording of the program. A 
3tu(iio system consisting of an .Ampex 66O-B Video tape 
recorder (v/itn electronic editor), tv/o vidicon view- 
finde-^-’ cameras, and a sv/itcher-fader console (EIA Sync) 
v/as leased. V/ith materials already prepared for 
recoj’ding, the actual video recording v/as slow, tedius, 
and routine, it progressed without major difficulties. 
VJhen the programs had been recorded visually, the 
electr’onic editor permitted adding sound later. 

Also the electronic stop-start mechanixm was controleii 
by an audio impulse placed on the second audio channe.l. ; 
it too ‘was added later using the electronic edit 
feature of the recorder. 



The fourth phase was completed from August 17, 

1966 to September 27, 19b6. Sixty-six college students 
were selected according to ability (SCAT lA scores). 

Two groups of 33 each ‘were selected on a one-to-one 
matched ability basis. In addition 23 other students 
(urimatched) v/eru selected for use In evaluating the 



programs and motivating materials. Each student v;as 
exposed to two programs, one with motivating matt' rial 
pT’ecedlng it, tiie otiiei* without motivating rnaterlaJ. 
After each program, the student took a multiple ciioice 
test over the corjcept studied. These scores wer'c tlie 
basis of the analysis to be discussed later in tiiis 
report . 




10 . 



The fifth, and 
oepteinber 27, iyo6, 
phase involved the 
of test results in 
experimental design 
the simple "t'* test 



last, phase was completed from 
to November 15, 1966. This 
detailed statistical analysis 
the experiment. Because of the 
selected, it was possible to use 
, instead of some elaborate 



statistical model. 



Pi’ograms 



Five linear programs in physics v;ere produced 
in this research activity. They v;ere titled 
(1) Pressure; (2) Kinetic Energy; (3) Potential 
Energy (^) Electric Circuits; and (5) Scaling Lavjs. 
Each of these programs consisted of a series of 
brief demonstrations and associated questions. Afti.-r 
each question v;as asked, the video tope i’ecordei* 
stopped automatically vjhile the student constructed 
his response. VJhen the student was ready, he pushed 
a button which restarted the recorder playback. 

The correct ansv/er to the previous "frame" was then 
presented, and a new demonstration shovm and questioii 
asked. 



Program length varied from 11 minutes, 10 seconds, 
to 28 minutes, 10 seconds of real recording time. 

The program frames varied from 13 to 25. Each 
program was preceded by a short motivating sequence 
consisting of part of a film, with narration added 
by using the electronic editor. 

The first program. Pressure , v/as motivated by 
a film scene showing a real tornado destroying homes. 
The narration suggested that knowledge of the 
principle v;hich follov/ed v/ould help the student pro- 
tect himself if he should ever be threatened by a 
tornado. It was assumed that the motivating device 
would appeal to the fundamental need of personal 
survival. ^ The subject matter dealt with the concept 
of pressure and how tornado funnel pressure can 
"explode" a home. 

The second program. Kinetic Entergy , was niot.i- 
vated by a scene of an automobile skidding off a 
' highway and crashing into a tree. The narration 
Indicated that a knowledge of the principle that 
followed might help the student avoid such a collision 



o 
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LirrHeir. 'Inis arp-sl to personal caret;/ v/as exocc l*--: 
to cfause the student to need the .'nov;ledge v;hicn 
he v;oul*.: acquire fron: the pro^Tram. Tne program 
11 self taught concepts of v/ork, kinetic energy, 
tiiermal energy, an': conservation of energy. 

Tfio third program. Potential Kne ;‘gy ’was 
moti'/atec r;y the sane scene used for Kinetic .■•i ne rgy , 
i.-ut the narration discussed the -ia;:."" rs of rnount.a:iri 
-irlvih.-;, and tire need to underctano certain prin- 
clp-les of physics to prevent i r.e automobile orayieri 
f ’"orn 1 pni t i ng , c au sing a c rc s i i . 
inclu'icd v.'crk, pctential energy, 
and c on se rvat i on o f ene r -ry . 



The :i u b.j e c t :r. a t e - 
the rm.al energy , 



The fourth program, hlectrlc Circuits , v;ar 
prece.'iea by a sequence shov;ing typical Kitchen 
eioctrical appiian*'’e3, v;ith narration indicat in?-' tr-.e 
possibility tlnat such appliances can be dangerous, 
unlerss a certain prlncip-*ie of circuits is uncerstoou. 
The concepts of electric circuits involved diagrams 
of basic circuit elements and the three~v/ire system 
of the home, including the significance ot* the center- 
tap ground. 

The fifth, and last, program, Scaling Laws, 
was motivated b;/ interest. It v/as preceded by 
a C minute section of the film, "'"he Three Worlds 
of Gulliver”, shov/ing a riant next to normal size 
loeople. The narration suggested that such giants 
v/ere impossible because of a principle of physics 
v/hich tiiO student v/ould learn in the subsequent 
program, scaling Laws taught basic r*elat Ions nips 
of strengtFi and vreight to linear measures, airu 
now the strength to weight ratio cnanges as the 
scale factor is changed. 

The Sample 

Students exposed to the progi'^arns were selected 
on the basis of ability, using as a measure of 
ability the SCAT lA total raw scores converted to 
standard (T) scores from national norms. 
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•'*> • 1 " i n a 1 1 ,7 , 1 V v; * • . p 1 ari r ; • i t. o n o J o c i a 
rer. acl VC- sa?np!e f'roin a norma L nonvjlat Ion , 

inc’u-iint; sets cf students ::jatched in ability. 

To this end, r-equirec T scores were listed, and 
riamer: arid telephone numbers oT new col 3 ere students 
were taken Trcm coiie>-e files. From this oririnal 
list of some 800 nanus, subjects v;ere selected in 
•.■•r«ier, is they were v.'lllinf to accept an appointmerr 
to sirtlcioate in the oro.iect. 



As 



c* ir 

— -..4 ex 



r • : / * ' I “* ' • • - - - f - rr *1 • 



apparent t;iat the sartpie desirn vaoulo not be net. 
it was impossible t-. -^et low acility students to 
pir*t icipate . Alt hourh the time required v;as only 
tv/o iiours for one tlr.o •:nly, many students, par*tlc- 



i:2 'j:rly tliose with .ovrer ability, eitrier refused to 
participate, or r.a/.e a.ppointments and then failed 
to appear. 

As 3 conseque.'ice of appointment problems, the 
firiaj sample consisted of 81 students, 6h of wl-ich 
v/ero' mr-tcr.c-d .In -tbl i ! ty, t r, form r. :-,~i , .f qq Mio tcriO<i 
pairs. Tilt.*;/ vi^-ro n‘*t r«-j i*es«;ni..-i 1 1 vt • of a niirni'tl 
por-uiatlon , althourh tiiis goa.l v;as asprcxiniated . 

For tiiis sample, t::e mean T scor*e was dl.93 and the 
variance vras 99. io, not sign: ricanfiy different 
f.”om the required values of SO a.nd 100 resnee 1 1 veJ ;•/ 

Errch subject was called by telephone anri riven 
t he fo 1 1 ov; i n r me s s ap'e : 



”V/e are conduct inr an expirement v;i th te levision 
toaci'ilnr under a .->:r*3nt from the i-.f. . Office r<r 
Hdiicaticrx. In '.u-d'.-r io ovaiuale the i.;r'<jfra.ms wr 
have prepared, we have selected certain students 
who can assist us. You are one of those persons 
Would 2 -^cvu be willinp; to come to the campus to 
v/atch tv/o brief pro.grams and take two short 
ever those programs? It v/ould be for one time 
onl;/, and the total time I’equired is Jess than two 
hours" 



When the ansv/er was, "yes", an appointment was macie 
and the student told, 

"It is very important that you keep this appointment 
or let us knov/ well in advance if you cannot make it 
You will be using, by yourself, some twelve thousand 
dollars worth of television equipment, plus taking t 
time of tv/o staff members. If you cannot be here, 
then v/e want to schedule someone else" 



Thus the importance of keeping the appointment was 



e.t . It l 3 cui’li'.us that, in spite of this 
appeal) i impje riUiriPer* oV iov/ei? ability stuoents 
failed to keep appointments, and made no attempt 
to ^ive nctification Uiat they would not appear. 

experimental Desi,qn 

•vacii subject v/as exposed to two programs, 
precec'.-d by a motivational sequence, and another 
nro.yrarn without motivational material. I’or matched 
pairs of students, the same programs were presented 
to eaoxh oair, but they did not receive the sam.e 
motivational material. At the conclusion of each 
program, subjects took a 15 question multiple cnoice 
test over that program. 

There were ten possible treatments in the 
e xpe »^iment . Five programs preceded by motivationa.i. 
material, and five' were the same program.s presented 
without nioti vational material. The treatments are 
deslrnated by a letter K or U, corresponding to 
motivated or’ unmotivated, follov/ed by a number from 
1 to 5, ccrresnonding to (1) Pressure: (2) Kinetic 
Fnerry; (3) Potential Energy; (^0 Electric Circuits; 
and f5) .Scaling Laws. Thus, for example, M3 would 
refer to the program on potential energy preceded 
by a ?aoti vational sequence. 

To eliminate the necessity of administering 
pre-tests, and to avoid non-equivalence of tests 
themselves, the follov/ing experimental design v/as 
used for matched pairs of students. A given pair 
of students would take programs X and Y, each 
followed by tests over those prograrns. One stiri(?n1. 
wo'ilo r-X r'-l'ow«‘d by liY. 'I’h' • -U her ;'t nd.-ni 

would t-akt- i;>: f(. l 1 (.‘Wcd by MY. '1‘li'Mi in nn nn.i i y i i- 
of the results of tests over these firograms, a 
fotrij;.’! r i .v.iii v/«tuJd h<- ni;nl'- ti''d.v/eer! i fi*’ :‘ums of Uk* 
motivated nru/iram ;n;ur<.;s and ijrim< -t i (jrnra'ain 

scores for thait pair. The following example 
illustrates that design. Students A and B are 
ntatch'-’d hi ability. 



y-tiKient A 
y.t ijtlm 1 i’ 



rr’ogr’a.m .Sequenci* : 
f ■ t *' >;■ raiM *q 1 1' Ml i‘« * : 



Ml l.he-n i-b 

ill th(Mi MU 



ind (Hl)^+ and (IJ.l)p+ {\)5 ) narUnfr the fir-n' 

ini M 'UhI tiia'; Hi I IJIH n. 



Such an 
advantages. 
”t" test for 



^ A I 



^ ei'irrtental design has several 
It* permits the use of the simple 
comparing the means of the tv/o treat- 
ments M and U. By having each student take both 
an unmotivated and a motivated program in the v/ay 
outlined above, al] variables associated v;ith the 
Drogram and v/ith the evaluative instruments are 
automatically accounted for. Even student ability 
is net a factor v.-hich sliould affect tnis oesign. 



althou.gh it is 



imoort.anu 



r; 



in studyinr: the significance 



of ability differences on motivational factors. 

The va?cUes of I-'* and I.’ ciscussed above for 
33 pairs of stud-c;rits matched by ability can be 
compared. Also, comparisons can be mede for lovj, 
middle, and high: ability levels, tu determine i i* 
motivational factors are ability dependent. In 
order to use results of the 23 students who v;ere 
unmatched in abilit^/j a second analysis vjouid be 
made comparing ail 89 scores with U scores, some 
eouivalence being established for the tests, to make 
the comparison valid. 

Achievement scores on programs v;ere determined 
ill the followlnr way. Each test consistefl of !9 
multiple choice questions. Each question iiad b 
possibic* resoonses. Each response was assigned a 
value of -2,*-l, 0, 1, or 2, so that if every item 
v/ere marked randomly, the probably result vjould be 
zero. Some answers v/ere thus better than others; 
the test discrimination v/as thereby increased througn 
this scoring technique. The total score v/as determlijod 
by adding 30 to the total point values listed above. 

P\ perfect paper then v/ould receive a score of 60. 

A naper on* which the student had made 1*3 bad guesses 
would receive a zero. There v/ould be no negative 
scores. A blank response was counted as zero, so 
that a blank test paper ivould have a score of 30. 



PEGJJI.TS 

Ability Scores 

Ability scores used in these analyses were 
determined by converting SCAT lA totax raw scores 
to standard scores (mean of 30 and variance of LOO) 



ror 



the fuj 1 



based on national, grade 13 norms. ^ 
sample of 89 students, the mean ability score vie.f: 
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^1.93 and the variance v;as 95 . 16 , making this 
sample nearly representative of a normal distribution. 
Txhe 66 students making up the 33 matched pairs had 
a mean ability of 5 ^. 36 , somewhat larger than the 
full sarnnie. 



res 
o the 



In rrr.upiri;.- matched pairs for ability, the 
fcllov/lnrr classification was used. Ability sco 
less than or eouil to ^\7 formed seven pairs int 
lov; ability -'-:roup. .‘".cores from -lY to 57 formed J3 
pai'-s into the middle ability j-rroup. .Scores equal 
to or greater than 57 formed 23 pairs into the 
•ability group. These groupings si:Ow the left-s 
of the ability distribution resulting from the 
difficulty of^ finding matched pairs of low abil 
subjects in sufficient numbers. 



nigii 
kevjne s : 

ity 



When -all 89 students are included in the analysis, 
28 fall in the low group, 32 in the middle group, 

-and 29 in the high mroup . This distribution is 
more normally distributed about the mean of 51*93 
than is the matched .set of 33 pairs of students 
about the mean of 5 ^■^•36. 



Hatched Pair Analysis 

.jixty six .subjects formed the set of 33 pairs 
rnatchf?d by ability for which the experiment was 
designed. To .cerfOTmi an .analysi.s of the matched 
|■■•airs, tile n scores and U scores foj- a given pair 
of students would be summed as described previously 
Tabic- I siiows the resulting mean scores for the 
total group, and for sub-groups of low, middle, and 
high abilities. As the table indicates, there was 
no significant difference in achievement on the 
progr-ams for the group, or for any one ability 
sub-group . 
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TABLi- r 



Group 
abl 1 i ty ) 


L'» 




t 


df 


Level of 
significarice 


tiigh (A^ 7 ) 


lie . 2 


107.3 


1.16 




.2<:p<. 3 


Klflclle 


) ■ 99-5 


96 . ^4 


.78 


2H 


. 4<p<. 9 


Low (<!7>A). 


V- • Y , 


... 97.9 


.90 


. 1.2 




Total 


102.2 


101.0 


.A8 


64 


. 6<p<. 7 


# / I ^ ^ XT 1 1 rYi V> "f * » » 



**Sum of quantities [ (r^%+(F‘'!Y)B] divided by number of pai 

Total Grou p Analysis 

As an alternate analysis, althouKh inferior ir: 
desiirn to matched pair analysis, all motivated test 
results were compared with unmotivated test results. 
These comparisons were made for the total group* and 
for high,* middle, and low ability groups. 

lie direct comparison of the 89 sets of scores 
could be made unless all five tests and programs were 
of equal difficulty. Because this assumption could 
not be made, some adjustment had to be made to 
approximate this equivalence. 

To provide for an equivalence of tests, all 
motivated and unmotivated scores for each of the 
five tests v.-ere placed together in five sets, means 
and standard deviations being found for each of tiie 
five sets. Bach score could then be converted to 
a standard score to make comparisons possible. 

Because the assignment of programs was nea^’ly 
random, and because each test was useu nearly tiie sanie 
number of times, a mean of all motivated standard sere-e 
compared with the mean of all unmotivated standai'n 
scores is a valid comparison. 
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Hrcuping into rnov/, middle, ana high abiiit’/ 
i'noupr; unec tiie cam: criteria in th.lr: analysic- 
was used for matched oair a^nalysls. V/rien the 



statistical coniparisons are made, as shov.'n in 
Tabje II, again, nu significant difference in achieve- 
merit scores between motivated vand unmotivated students 
for the total group, or for any sub-group of low, 
middle, or high ability is observed. 



TABLE i: 





Group 

(abij)ty) 






4. 


df 


Level of 
significance 


liign (f!^57) 




55.8 


1.19 


56 


.2<p<. 3 


;':iddie (^}7<A<37) 


50,2 


^5.7 


1.88 


62 


. 05<p<. 1 


Low (^7^ A) 


^!L. 3 


•'15.7 


. l6 




• 

oo 

A 

►Tt 

A 

• 


Total 


51.1 


119.0 


l.HH 


176 


.Kp<.2 



*£um of all U scores in group divided by number 
**f.um cf all Fi scores in group divided by number 



in grou 
in grou 



DISCUSSION 



The observed results of this research activity 
are, at first cognizance, surprising. Not only is 
there no significant difference for any group or 
sub-group, by either method of analysis, but the 
mean scores themselves are numerically higher in 



If 



tnese 



most instances in the unmotivated case, 
differences were not merely chance occurences, as 
the significance tests show, it v/ouJ-.i appear that the 
so-called motl vatinf’- material had worked opposi t-c ly , 






'east for some ability levels. 



However, if only numerical comparisons v/ere 
made, the most striking mean difference occurred 
in favor of the motivational materials for the loveost 
ability group in the matched pair analysis. Still, 
again, these observed differences could have occurred 
by chance alone v/ith a high probability. 



n 




Although nunericai comparisons of means is 
tempoing, it is clear that no sucri interpretations 
as mentioned above can be made from these results. 

All observed differences could have occurred by 
chance alone v/ith a high probability. 

A somev/hat less obvious characteristic of 
these results, noticed by this investigator, was 
that students did inordinately v/ell on all program 
tests. ror the instructional time required, students 
acquired abilities to use certain physics concepts 
and principles considerably bettor than experience 
lias snov.'n is possible in a regular classroom teaciiliir-; 
situation. This result is unsubstantiated with data, 
since it derives entirely from the- subjective 
experience of a teacher. But it v;as so apparent, 
it deserves mention. 
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Although not discussed previously, the Arnpex 
noGB video tape system functioned excellently in 
prcylding individual instruction through the" TV 
monitor, burlng the evaluation of the programs, 
recorder had to start or stop some nine thousand 
times, a task v/hlch certainly was not a normal design 
considerat ion . The only difficulties encountei*ed were 
that the recorder head voltage required periodic 
adjustments, the heads needed reguJar cleanin'-, 
and the automatic tension control finally failed, 
requiring only tijat the manual control be used. 

COHCLUolONS, IMPLICATIONS , AND PL COMMENDATIONS 

Because this research activity had two objeotiv'.- s, 
the evaluation of motivating materials in an instruct - 
lorvd'i program and the further technical de ve Lopmeni. 

piOi^iamed viueo system, conclusions must Ih* niao*.' 
with respect to both objectives. 

video-tape instructional system, 
this project made considerable progress. A n'ev/ 
2top-start control mechanism was devised v/hich used 
as a control Impulse an audio signal placed on tiie 
second audio channel of the recordei-. This control 
technique v;as superior to the one used previously 
Involving reflecting tar.e and a piiotoelecti'onic device. 






The systematic procedure for prepard.ng linear 
ograrns for video tape recording and presentation 



Iiais been developed to 
of the procedure will 
in technique. 



vhiere future modi fi cat i(jns 
be refinements and improvement n 



During the research period itself, tlie cost of 
video tape recorders has dropped to v/here it is now 
possible to pu»*chase an acceptable system for under 
$>000. Thus the feasibility of programing appropriati.- 
parts of courses nov/ exists. The ultimate use of 
rari-iom access video tape_, controlleu by a small 
computer^ becomes more possible as tne costs coniiriUt> 
to decrease. 



I 



quality of programing in this project was 
at best poor. The process of producing and recorol 
'.i«.*inonstratlons, ami not Just talk, especially L*elnt 
t( a linear program, is extremely difficult to do 
Weil. it re q u I re c c omp e t c n t technic:! an s , v; r i t e r* s , 
artists, and television studio pcr.sonnel. Alii-;ou?-n 
the investigators had much television experience, 
they were not specialists in all these fields, and 
in spite? of attempts to be all these things, they 
could not successfully perform in a way that produc 
'juaiity materials. The surprising effectiveness 
of the programs in teaching the concepts is made 
even m.ore remarkable by the fact that the programs 
were not polished, v/ere not v/ell done. 






The results of the comparisonfs of motivated anc: 
unmotivated treatments, at first, might indicate 
that the so-called motivational materials did not 
motivate. This conclusion is tenable. However, 
there is another conclusion v;hich appears far more 
probable that should be considered. 



The basis of this research project was that 
students v/ere bored v;ith conventional, v/ritten 
programs, and because many students never really 
needed to make correct responses, knov/ledgc- of the 
correctness of a response was of no consequence . The 
programs used in this project, because they wei-e 
preceded by materials designed to motivate, should 
cause greater learning than without such mot 1 va t i ' i 
ma1.e-rd nl . 



This research project may have never really 
tested motivational materials; it perhaps could not 
have done so. The use of a novel television system, 
for v/hich students received appointments stressing 
their cv;n importance v/as, in itself, extremely 
rnc 1 1 vat .Students were already motivated v/hen 
they appeared to take programs. This hypothesis 
iz supported by the very high achievement of student 
o.‘i ail programs, pr-c ceded or not by rnotivatin,*' 
r.aterials. For a student already highly motlv.ai.ed, 
the preceding materials used ccuid do little to 
to their desire t-.j learn v/ell Inc subr.Ofpiont 
mat !*1 a i . 

Prc i'^rarns weve r resented i ndi vidually , by a 
novel TV cystei.:, v/here much attention was bein.- 
.•-.Iven to the stu'-ent. He vjorkec: with the system 
a maximum of only 2 hours and therefore had no 
time to become bored, as with v;ritten materials 
used for several montn.s. In short, tne Hawthorn 
effect compie-tely eli.minated the prepared met. ivatif-n 
materials .as factors in the experiment. 

;nu:;t acc^ist on-: of tne -above^ conclusion:;, 
aith.Gugh botn miriit be partly ti*ne. Kither the 
motivational materials v/ere not motivating, or, 
if they were, they were not as important as con- 
firming responses, or-, the Hawthorr. t;ffect so 
enharjced the aciiievoment of students as to mask 
any difference that the motivational materials would 
have produced. 

Although iiindsigiit is always considerably more 
accurate than foresight, it iz clear that this 
investigator should leave recegnized the possible 
influence of the ilawthor.n effect in makini', the 
ori.ginal research pi'Opos.al. Although the project 
iias been quite successful in developing the video 
instructional system, this lack cf foresighL ha.s 
meant that motivating, material:: still have not pec*r. 

T> r*o p e r ly i n ve s t. i t (.* d . 



! 1 1 :• 1 r'l II ij-; i >i:im< -i Mi j I ii i f 1 h> i i • • •' 

tills res.carch Ilnt. l;i- u.l'.ii lu 0 l;Wi mijl the i !i; 

<'‘f' providing sprcil’lc niot I vat 1 /ir; materials lu- f'-ri.- >*• 

v/lHiln an ! n.'.l rii.-l II 1;; ruitii'f 



r'c-;''niRenue'i tUijt r-os-r-.-srcri be supportc-d v/hich will 
..•xatiun..- of diffoi-nt techniques of providin,- 

tnest; motivational materials for all kinds of 
instructional proicrams. This project suggests also 
tn^t studies be carried out in extended, conventional 
programs, where the student is completely unaware 
'.nai, an experiment is being conducted. 






in ter'.TiG oV motivational materials, the task 

. . appealing: to basic needs is 
'jiijicult, out further attempts in this resoect 

‘ likely that appeals to secondarv 

-rieeos woulo oe more fruitful. It would also b- 

examine txie possibilities of providing 
in uWj.oua^izea mot ivational devices based on reaT 
Jieeds of individual students. 



r cl ju 



attention . 
its need, a 

oUf'ivAFY 



ihe entire area of motivation needs specific 
r-'-ucii research is needed to evaluate 



nd the best techni<jues for providing it 



Tne l.lterature has revealed that programed 

■'Students 

in :,:any Soud.it'c, programed materials tp^u’h no 

iristruction. The assumotion 
t:Mt r.nowxfcoge of correctness cf responses is 

associated need has not been 

established as fact. 

Programed materials had beer, adapted for 

presentation by television but not v;ith the v'deo 

tape recorder. This type presentation needed'furth-,- 
development. xuioj._. 



^ The project involved the writing of five jinea]> 
p.nysics programs which were adapted for uresentatlof' 
on television to individual students by vHeriap^^^^ 

f'ive programs had sequence.,' 
pre,.^Jxng it which designed to motivate the 
otuaent co learn the subsequent material. Kacn 
S!,udent would take two programs, one motivated, the 

other unmotivated, each followed by a test over ihe 
concept taught. 

An experime.ntal design invoJving 66 student^ 
under a matened pair motivated and unmotivated 




22 . 



treatment, .?ave results that shov/ed no significant 
difference in achievement betv/een motivated and 
unrnot j.vated programs. A similar result was observed 
v;heri a full sample of 89 students was examined 
under a design comparing directly the motivated 
v;ith the unmotivated test score results. 

Bather than considering that the motivational 
materials failed, because of extremely high test 
results or; ail programs, the riovel aspect of the 

apparatus, and tne brief exposure time for stucent: 
it was concluded ti;.at the Hawthorn effect mar.kCMj any 
possible results due to motivational materials, 
rt was recommei'ided that further studies be carried 
out using motivatirnr materials over more extended 
•-•eriods of time in conventional instructional 
programs. 



' ^ “I 



The progress in developing the video-instructiona 
m v/cJb significant, but production of programed 
tape materials requires considerable numbers 



vioeo 

of competent staff to get quality results. The 
aecreaslng costs of video apparatus makes its 
rout ine ly feasit le . 



use 
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APPENDIX A 







1. 'ihe Quantity " [0 pouncis'' is whnt kind of a 
physical measure? 





• 


Power 


B 


. Vlorx 




C. 


iZne rgy 


D 


Force 




• • • 


I'las s 






9 

c • 


The quantity 


"i/eight” is 


the same as the quantity 




A. 


Power 


B 


. Work 




r' 

V . 


Innergy 


D 


. Force 




h. 


i'.aS3 






3. 


V/iii 


ch of the 


following is 


a formula definition 




of 


pressure? 








A. 


F/A 


B, 


. PA 




n 
*.»■ • 


1/2 


D. 


. A/F 




I-' 


P/F 







IS pusnea on by 



An area of U square inches 
12 pounds. In units usinp pounds and square 
inches, the pressure is 



A. A8 
C. 1/3 



B. 

D. 



3 

2M 



Q 






In units of pounds and square inches, the pressure 
due to the atmospxnere is, approximately. 






A. 


12 


C. 


30 


E. 


20 


In 


units 


pressure 


air 


exert 


inches? 


A. 


100 


C. 


6.25 


E. 


15 



B. 8 
D. 15 



B. A/25 
D. 200 



er|c 



A~1 



7 



9. 



it- io (.iesii'eu to -Mnd the surf-jfo- area of an 
irres:uiarly si-apeci flat object. A pressure of 
10 units produces a force of 25 pounds. In 
square inches, the surface area is 



A. 


250 


3. 


10/25 


C. 


150 


D. 


2500 


E. 


2.5 




In 


the equation y 


= z/x, to 


solve 


.*■: • 


Move the x te- 


the other 


side 






r 



L\ 



Divide both sloes of the equation by x. 
i-TuItiply both sides of the equation by x. 
[•■'ove the z to the other side of the equation 
Invert both sides of the eouation. 



A floor surface is 3 inches lonfr ana 2 inches 
v.'ide. In pounds, the atmosphere exerts a force 
on this surface of 



.0 

. *./ • 



11 



A. 


A5 




B. 


30 




C. 


90 




D. 


15 




1! . 


6/15 








A [.• 


ressui'e of 20 


un Its 


on a 


ci rcu 


lar surface 


rad 


ius 2 inches e 


xerts 


a for 


•ce in 


pounds of 


A. 






LJ • 


AO 




# 


10 




D. 


1/10 




• ^ 

I # • 


25.1 











A steel block 20 inches hi;rh, 3 inches thick 
and 5^ inches wide has a weigiit of 60 pounds. 

In units of pounds and square inches, it exerts 
a pressure of 



A 

C. 

V.- 



3 



.3 . 



12 



15/20 

A 



!). 20/60 



12. ?he air pressure in a sealoa container is 30 
units when tiie pressure outside is 35 units. 
The net pressure is 



A. 5 units outward 
C. 65 units outward 
E. 0 units 



3. 5 units inward 

h. 65 units inward 



er|c 
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V 



13 



The air 


presrjure 


in a 


sealed box of sur 


*fac(.‘ 


ire a 30 


squar"' ir 


i cider. 


is Pn unit:; v/hen 


thio' 


outside 


pressure 


is 18 


unil.s. The net 


foi'ce 


in pounds is 









A, 

C, 

17 



GO 



5^0 



6 . 



2 

Goo 



1 't . .A re c t ar. ru I a r 
'uvl iO incriC-5 



container 

f r. 



.3 y, inchco* by 3 



r, 

••• • • w • « 



me I. re 3 sure inside 



zi L 1 la 



*"* :t r*i 

• A ^ . 1 i • 

container is 30 units \ihen the pressure outsidt 
is l8 units. The net force in rounds on orie 

f: . 
n 

r 



12 

108 



j / • 

D. 



/|P 



< u 

3b0 



13. An average tornado 

A. 



R 



Travels soutnv;est at over 300 rnph \vitn a 
funnel pressure of -3 units. 

Travels northeast at ever 300 rr;Dh with a 
funnel pressure of -3 units. 

Travels northeast at 33 to ^45 mph with a 
funnel pressure of 12 units. 

j ravels nortneast at 33 to mph with a 
funnel pressure of -3 units. 



Travels southv/est at over 3 Of) mph w’it.h ;i 
funnel pressure of 12 units. 
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er|c 



1 . 



I 

i 




KINETIC E:']ERCy-2 



The wei-^ht of ?.n object is the same as 



A. Energy 
C. I^ass 
FJ . V/ork 



B. Force 
D. Pov/er 



?. The follov/ing is a correct formula definition of 
the work dene on an object. 

A. v7 = F/ci B. V; = ['Igh 

C. W = w X h D. W = 1/2 Mv2 

E. VI = F .X d 



3* A force of 20 pounds pushes a :30 pound box through* 
a distance of 5 feet. The work done on the box, 
in appropriate units, is 

A. 12.5 B. 100 

C. 25 D. 10 

E. 250 

A force of 30 pounds pulls a bO pound box 
through a distance of 5 feet at a speed of 
H ft/sec. The work done on the box, in proper' 
units, is 

A. 2 B. 150 

C. 12 D. 6 

E. 300 

5. An 80 pound box pulled at constant speed 3 feet 

across a table top by a force of 27 pounds 
transfers hov; much energy (in proper units) to 
the table top? 

A. 80/27 B. 3/2^1 

C. 81 D. 9 

E. 2^0 

6. When a box is pulled across the surface of a 
table at constant speed, the work done is converted 



into 

A. Speed 




B. 


Fiochanical energy 


r 

E. 


Kinetic 

Thermal 


energy 

energy 


D. 


Potential energy 







An object movinr: on a frictionless surface 
under the action of a constant force 

A. Moves at a constant speed 

B. Loses kinetic energy 

C. Transfers thermal energy 

D. Acquires potential energy 

E. Accelerates uniformly 

When v;ork is done on an object moving on a 
frictionless surface, the energy of the object 

A. Is converted into heat 

B. Is lost 

C. Accumulates as potential energy 

D. Accumulates as kinetic energy 

E. Is dissipated as thermal energy 

The correct formula for the kinetic energy 
of a moving object is 

A. F X d ^ 3. w X h 

C. 1/2 v; X V- D. w x V^/6A 

E. Mv2 

A 50 pound car moving at l6 ft/sec for 10 seconds 



has 


a kinetic energy 


of 




A. 


2000 units 


B. 


800 units 


C. 

E. 


9000 units 
200 units 


D. 


500 units 



An object has a kinetic energy of 6 units while 
moving at 8 ft/sec. When moving at l6 ft /sec it 
has a kinetic energy of 

A. 12 units B. 2H units 

C. ^8 units D. 128 units 

E. Can*t be determined v/ithout 'weight 

A 50 pound car has a kinetic energy of 70 units. 
If the speed of -che car is tripled, the kinetic 
energy is 



A. 


630 units 


B. 


210 


units 


C. 


3500 units 


D. 


150 


units 


E. 


Can’t find without 


knowing 


speeds . 



Examine the 
Y 


following tab! 

I 

X 


5 


2 


17 


3 


AO 


A 


78 


5 


135 


6 



The variable Y is 



A-. P report. i ona i to X 

B. Proportional to the square of X 

C. Proportional to the cube of X 

D. Inversely proportional to X 

E. Inversely proportional to the square of X 

1^. The minimum stopping distance of an automobile 
on wet pavement from a speed of 20 mph is 30 
feet. On the same surface, minimum stopping 
distance from a speed of ^0 mph is 

A. 120 feet B. 60 feet 

C. 600 feet D. 80 feet 

E. 15 feet 



15. The minimum stopping distance of an automobile 
on a gravel surface from a speed of 30 mph is 
AO feet. On the same surface, the minimum 
stopping distance from a speed of 90 mph is 



A . 12 0 feet 

C. 1080 feet 
E. 60 feet 



B. 360 feet 
D. 3600 feet 



POTKNTsAI. ENl-RGY-3 



1. 'J'he weight of an object is the same as 

A. Mass B, Power 

C, Work D« Force 

. Ene rgy 

2. The foilov/iri*- ii; a correct formula definition 
of the work done on an object. 

A. VJ = F X G B. W = Vi X ii 

C. W = 1/2 Kv 2 D. W = Mgh 

E. W = r/d 

3. A force of 20 pounds pushes a 50 pound box 
through a distance of 5 feet. The work done 
on the box, in appropriate units, is 

A. 250 3. 10 

C. 100 D. 12.5 

E. 25 

4. A force of 30 pounds pulls a 60 pound box 
through a distance of 5 feet at a speed of A 
rt/soc. 'I’lic wort dorr- on tho box. In propcj* 
units, is 

A. 3un B. 1/ 

C. 6 i.». P 

E. 150 

5. An 80 pound box pulled at: const^ant speed 3 fer?i 

across a table top by a force of 27 pounds 
transfers hov/ much energy (in proper units) tc* 
the table top? 

A. 2A0 D. 8l 

C. 9 D. 80/27 

E. 3/2^ 

6. When a box is pulled across the surface of a 
table at constant speed, tne work done is 
converted into 

A. Kinetic energy B. Thermal energy 

C. Potential energy D. Mechanical energy 

E. Speed 



7. An object moving on a frictionless surface 
under the action of a constant force 

A. Accelerates uniformly 

B. Transfers thermal energy 

C. Acquires potential energy 

D. Loses kinetic energy 

K. Moves at a constant speed 

8. V.'hen v/ork is done on an object moving on a 
friction less surface, the energy of the object 

A. Is dissipated as thermal energy 
3. Accumulates as potential energy 
C. Accumulates as kinetic energy 
1-. Is lost 

E. Is converted into heat 

9. V/hen an object is lifted at constant speed 
through a given distance, in what form does 
the work done on the object appear? 

A. Potential energy 3. Kinetic energy 
C. Thermal energy D. Heat energy 

E. It is lost. 

10. A 10 pound weight lifted vertically through 

a distance of 5 feet at constant speed stores 
hov/ much energy (in proper units) in the 
gravitational field? 

11. A 20 uound weight is lifted at 9 ft/sec through 
a vertical distance of 2 feet. The potential 
energy of the weight is then (in proper units) 

A. 100 B. 30 

C. ^0 D. ^ 

E. 7 

12. V/hat is the potential energy of a 3000 pound 
automobile at the top of a mountain 7000 feet 
above its base (in proper units)? 



A. 

C. 

E. 



7/3 

3/7 

3000 



B. 

D. 



21 , 000,000 

21,000 




13. Hov; much heat must be dissipated in the 

brakes of a 4000 pound car to drive safely 
down a mountain 2000 feet high (in proper units)? 



A. 


2 






B. 


1/2 






C. 


4,000,000 






D. 


2,000,000 




E. 


8,000,000 














A 


4000 pound 


car 


is 


at rest 


at the 


top 


of a 


hill 200 feet 


high. 


If the 


car is 


to 


have 


200,000 units 


of 


kinetic energy at 


the 


bottom 


of 


the hill, i 


how 


much heat i 


must be 


dissipated 


in 


the brakes 


on 


the 


v;ay down? 






A. 


1,000,000 






B. 


800,000 






C. 


600,000 






D. 


400,000 






E. 


200,000 















15 . A 5000 pound automobile at the top of a 

mountain 4000 feet high is ready to drive back 
dov/n. If the brakes of this car can dissipate 
a maximum of 10,000 energy units per second 
for ten minutes without igniting, what minim.um 
number of stops is necessary in descending 
the mountain? 



A. 

C. 

E. 



2 

4 

6 



B. 3 
D. 5 



CIRCUIT DIAGRAMS-^ 






1. The following is a correct symbol for a single 
conductor of electric current. 




c. ^ 






2. The following is a correct symbol for the place 
at which two electric conductors cross vjithout 
making electrical contact. 

f 

r 
{ 

! 

iv 



C. - D. 

— — 





A-10 



o 

ERIC 



3. Tiie following symbol represents a source of 
alternating current. 

^ t 

A. 1 I B. 

C. _ B. 




i 




4. The following symbol 
resistor. 




represents an electrical 

I 

B. "i-nr 




3 . Tiie following symbol represents the heating 
e I emen t in rui e i j*J o sk i 1 ] o t . 



A. 




B. 




c. 



E. 




D. 




< 



er!c 
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The follov/ing circuit diagram represents an 
electric toaster. 
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8. The following symbol contains a center-tap. 



A. 



C. 






9. An iron rod is driven 6 feet down into the 

earth, and a conductor is soldered to the rod. 
This electrical arrangement is represented by 
the following symbol. 
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10. The following symbol represents the electrical 
power circuit from your house to the high 
voltage povjer lines outside your house. 



' A. 

... J 


\rr 

r ^ HOME 

-r- 

V . .. 

J 

L 



3 


c 


r~ J 

) 


t 

V-- 

t __ > 



^ _ 


[ 


c. 

^ 1 


< HOME 



^ ^ 





1 ^ 


i 


\ HOME 


ir- 


[ 





" 


i • ■ ' 


-r 

5 ”:!r~ HOME 


^ -1 


■ — > 
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11. The following diagram represents the circuit 
from the power pole outside your house to a 
11.0 volt olectT’ic skillet plugged into v/all 

«.;UtJet. 







•'VW 



I o 

1 • 



Tilt* :'o]]ow1np; ciin/Trun repr*«?.'w‘hi.r. (.he ciircuj 
from tlje powei* poie to a 2'tiO volt electric 
dryer in a house. 



t 
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. The following diagram represents an electrical 
appliance which could give an electrical shock 
when its metal case is touched. 



A. 



TO 

POWER 

POLE 




CASE 



B. 



TO 

POWER 



POLE 




CASE 



TO 

POWER 

POLE 




TO 

POWER ^ 

POLE . 




CASE 



CASE 



TO 



CASE 



POWER 



POLE 
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1^{. In v/hich one of the following circui'ts could, 
you receive an electric shock by touching 
simultaneously points marked X and Y? 



A. 



TO 


— 


POV/ER 


< 


POLE 


\ ■ 






TO 




POWivR 


■ 


por.E 


■ 








C. 

TO 

POWER 

POLE 



. 

J 

1 



e 

y 



...[J. 






^ 




.V- 



/ 




CASE 




X 

A 



! CASE — 



D. 

TO 

POWER 

POLE 



<- - 












-4. 



-^-1 > 

i 

-4 



CASE 



E 

TO 

POWER 

POLE 



<• - 



<- 



^ ■ — 






— \ — 



U-... 



y 

S 

/ 

I 
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15. iiow much voltage exists beti'/een points X and Y 
in the following circuit? 




A. 110 volts 
3. 0 

C. 220 volts 

D. ^^0 volts 

E. 117 volts 
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SCALING LAWS-5 



1. A piece cf string breaks under a force of 

3 pounds. An identical piece of string tvjice 
as long is bow strong? 

A. One half as strong 3. Twice as strong 
C. Same strength D. One fourth as strong 

K. Four times as strong 



One piece of string break 
5 pouDiis. Ilov/ much forrt.* 
three pieces ol‘ identical 



s under a force of 

i. rcMjij i to l.i r‘< 

string? 



-■ J i-. 



A. 5 pounds 
C. 3/5 pounds 
E. 15 pounds 



B. 5/3 pounds 
D. ii5 pounds 



3. 



A cable has a breaking strength of 500 pounds. 
A cable having twice as much cross-sectional 
ai’ea has v;hat breaking strength? 



A. 250 pounds B. 2000 pounds 

C. 125 pounds D. 500 r^ounds 

K. 1000 pounds 

A. A cable of diameter 1/8 inch has a breaking 
strength of 2 tons. A similar cable of 
diameter 3/8 inch has a breaking strength of 



A. C tons 3. 18 tons 

B. 2/3 tons D. 2/9 tons 

L. 9 tons 

5. A cable of diameter 1 inch has a breaking strength 
of 8 tons. A similar cable having a diameter of 
A inches would have what breaking strength? 



A. 8 tons B. 32 tons 

C. 128 tons D. 2 tons 

F,. 1/2 ton 

6. A strut has a breaking strength of 60 pounds. 

A similar strut having a diameter 3 times larger- 
v/ould hold 

A. 120 pounds B. 60 pounds 

C. 20/3 pounds D. 5A0 pounds 

L. 20 pounds 
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A cylindrical 
a similar tank 
would hold 



tank holds 200 pounds of v;ater, 
v/ith a diameter 3 times larger 



A. 1800 pounds B. 600 pounds 

C. 800 pounds D. 5^00 pounds 

E. 200 pounds 

8. A water-filled tank is three times larger in 
every linear dimension than a smaller tank. 

If the smaller water-filled tank weighs 6C pounds, 
hov; much does the larger tank wiegh? 



A. 130 pounds B. 1620 pounds 

C. 5^0 pounds D. 20 pounds 

F:. 20/3 pounds 

9. A solid object weighs 200 pounds. How much does 
a similarly shaped object weigh when its linear 
dimensions are all increased by a factor of 4? 



A. 12,800 pounds 


3. 


50 pounds 




C. 300 pounds 
E. 3200 pounds 


D. 


21100 pounds 




A man v/eighs l60 pounds 


• 


Hov/ much v/ould 


he 


weigh if ho v;ore 3 time 


s larger in every 


linear 


dimension? 








A. ^80 pounds 


B. 


lAAO pounds 




C. 320 pounds 
E. ^1320 pounds 


D." 


960 pounds 




A l60 pound man has leg 


bones and muscle 


with 


a breaking strength of 


960 


pounds. If he 


is 


A times larger in every 


linear dimension. 


what 


then is the ratio of his weight to his strength 


A. ^/1 


B. 


1/^ 




C. 2/3 
E. 16/96 


D. 


3/2 





12. A 200 pound man has leg bones and muscle with 
a breaking strength of 1000 pounds. If he is 
only l/.lO as large in every linear dimension, 
for* his size and weight how much stronger is 
he than at normal size? 

A. 1/10 B. 1/100 

C. 10 times D. 100 times 

E. 1000 times 
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13. An ant that v/elghs .001 pounds is made 1000 
times larger in every linear dimension. For 
his size and v/eight, how much stronger is this 
giant ant than a real ant? 

A. 1000 times B. 1/1000 

C. 1/100 D. 100 times 

K. 1/10 

1^. A 150 pound man has leg bones and muscle vilth 
a breaking strength of 1500 pounds. Hov; much 
would he v/eigh and hov/ much could his legs -• 
support if he were 10 times larger in every 
linear dimention? 

A. 150,000; 150,000 B. 1500; 15,000 
C. 150,000; 15,000 D. 150,000;!, 500, 000 

E. 1,500,000; 150,000 

15. A man is 6 feet tall, weighs 150 pounds, and 

has leg bones and muscle with a supporting strength 
of 2000 pounds. If this man were somehow made 
100 times larger in every linear dimension, a 
600 foot giant, how much strength would his legs 
then lack just to support his own weight? 

A. 185,000 pounds. B. 20,000,000 pounds 

C. 200,000 pounds D. 150,000,000 pounds 

E. 130,000,000 pounds 



